Background. For year 1 of the Affordable Care Act (ACA), Virginia AIDS Drug Assistance Program (ADAP) clients with Qualified Health Plans (QHPs) achieved a higher rate of viral suppression. This study characterizes the demographic and health care delivery factors associated with QHP enrollment in year 2 and assesses the relationship between 2015 QHP coverage and HIV viral suppression.
In the United States, state AIDS Drug Assistance Programs (ADAPs) are a safety net that provides antiretroviral therapy (ART) for almost 260 000 low-income people living with HIV (PLWH), almost half of the PLWH in care in the United States [1, 2] . This program spends >$2 billion each year [1] . ADAPs are funded through federal and state mechanisms, and as a portion of Part B of the Ryan White HIV/AIDS Program, they are administered by the Health Resources and Services Administration (HRSA). Previously, the main health care delivery mechanism of state ADAPs was the direct provision of medication (Direct ADAP), with clients going to local health departments or designated pharmacies to pick up medications or state health departments mailing medications to clients' homes. Since at least 2002, state ADAPs have purchased insurance for clients as the 1 cost-effective way to provide ART, and this practice has increased with the enactment of the Patient Protection and Affordable Care Act (ACA) [1] . HRSA released guidance supporting the practice in 2013 and 2014 [3, 4] .
ADAPs' goal is to provide cost-effective ART to as many low-income PLWH as possible. As recently as 2014, some state ADAPs had cost containment strategies, including waitlists, because they could not fund ART for all low-income PLWH who needed it [2] . Achieving viral suppression has important implications for an individual's longevity and for HIV prevention in the community [5] [6] [7] [8] . Additionally, each new HIV case prevented averts >$400 000 in annual health care costs [9] .
When the ACA was enacted and first implemented, there was considerable debate about whether the provisions would improve US HIV care [10, 11] . There have been concerns about discriminatory practices in health insurance plans and prescription benefits [12] . For the 2014 ACA open enrollment period, the Virginia ADAP incorporated purchasing Qualified Health Plans (QHPs) into their health care delivery model [13] . They encouraged clients to enroll in QHPs and paid insurance premiums, deductibles, and medication copayments under the ACA's federal health insurance marketplace [13] .
Previously, we described the first year of the Virginia ADAP's incorporation of the ACA into its health care delivery model [14] . We found that ADAP-funded QHP enrollment was associated with both demographic and health care delivery factors. Most importantly, Virginia ADAP clients who were engaged in care throughout the 2-year period and enrolled in ADAP-funded QHPs were more likely to achieve viral suppression than those who were engaged in care and received medications through Direct ADAP. To investigate further, we examined what happens over time to these associations, specifically whether the association between ADAP-funded QHP coverage and viral suppression was sustained. This study's objective was to characterize the demographic and health care delivery factors associated with Virginia ADAP clients' ADAP-funded QHP enrollment for year 2 and to assess whether the positive association between QHP coverage and HIV viral suppression remained in year 2 of the Virginia ADAP's incorporation of the ACA.
METHODS
The current methods are similar to the ones used in an analysis of year 1 of the Virginia ADAP's incorporation of the ACA [14] . Four nested populations of interest were assessed in the study (Figure 1 ). Cohort A included all PLWH who were 18 to 64 years old on January 1, 2014, were ADAP clients by July 1, 2014, and had a Social Security Number. Only those with a Social Security Number are eligible for QHPs through the ACA. Cohort B included members of Cohort A who demonstrated consistent engagement in care in 2014 and 2015, as defined by at least 1 HIV viral load between January 1, 2014, and December 31, 2014, and at least 1 HIV viral load between July 1, 2015, and December 31, 2015. Cohort B2 included members of Cohort B with 2015 QHP coverage, and Cohort C included members of Cohort B who had an initially detectable viral load in 2014, indicating suboptimally controlled HIV disease. Data for all clients were de-identified and coded by the Virginia Department of Health (VDH) before transmission of the data set to researchers at the University of Virginia. The University of Virginia Institutional Review Board determined that the study was not human subjects research.
Data collected included age as of January 1, 2014, self-reported gender, race/ethnicity, HIV/AIDS diagnosis based on Centers for Disease Control and Prevention criteria using VDH HIV surveillance data [15] , baseline CD4 count, and time since Figure 1) , and presence of certified application counselors at the client's HIV clinic during the ACA open enrollment period. As financial status affects eligibility for a tax credit (which subsidizes QHP costs and affects the cost of QHP coverage for ADAP), financial status was considered a health care delivery factor.
The 2 primary outcomes assessed include 2015 ADAP-funded QHP enrollment and viral load outcome. A client who maintained or achieved viral suppression in 2015, as defined as their last viral load in 2015 being ≤200 HIV RNA copies/mL, was categorized as having a good viral outcome, indicating viral suppression [16] . A poor viral outcome or viral failure was defined as the last viral load in 2015 being >200 HIV RNA copies/mL.
The percentage of Cohort A that enrolled in ADAP-funded QHP was calculated for the cohort and for demographic and health care delivery groups. Univariable binary regression and multivariable binary logistic regression were used to determine the strength and significance of the association between characteristics and ADAP-funded QHP enrollment. The percentage of Cohorts B and C that achieved viral suppression was assessed for each cohort and then for demographic and health care delivery groups. Univariable and multivariable binary logistic regression were used to determine the strength and significance of the association between characteristics and viral suppression.
As a secondary analysis to examine who was not achieving good outcomes despite health insurance, the percentage of Cohort B2 that had viral failure was determined for the cohort and for characteristic and health care delivery groups. Univariable and multivariable binary logistic regression were used to determine the association between characteristics and viral failure. As an additional secondary analysis, Cohort C's achievement of viral suppression was analyzed in a similar manner to Cohort B. All statistical analyses were conducted using IBM SPSS Statistics software, version 24. Table 1 presents characteristics of the nested cohorts: A (n = 4631), B (n = 2501), B2 (n = 1674), and C (n = 607). Twelve clients eligible for Cohort A were missing baseline characteristic data; given that they represented less than 1% of the sample, they were not included. For year 2, 63% of Cohort A enrolled in ADAP-funded QHPs. Table 2 presents enrollment rates for each characteristic or factor category and unadjusted and adjusted odds ratios for the association between QHP enrollment and client and health care delivery characteristics. Multivariable regression, controlling for gender, HIV/AIDS diagnosis, and the presence of clinic-located certified application counselors, demonstrates that 2015 ADAP-funded QHP enrollment was associated with age (P < .001), race/ethnicity (P = .03), 2014 engagement in care (P < .001), 2014 ADAP-funded QHP coverage (P < .001), financial status (P < .001), and region (P < .001).
RESULTS
For client-level characteristics, all age groups were more likely to enroll than the reference group, age 55-64 years (18) (19) (20) (21) (22) (23) (24) For Cohort B (n = 2501), 66.9% were enrolled in QHPs, and the remaining portion accessed ART through Direct ADAP. In Cohort B, ADAP clients with QHP coverage had a higher rate of viral suppression, at 83.3%, compared with 79.9% for those who remained on Direct ADAP. Table 3 presents rates of viral suppression for each characteristic or factor category, and it also presents the results of binary logistic regression, as well as unadjusted and adjusted odds ratios for the associations with viral suppression. In multivariable binary logistic regression, controlling for time and race/ethnicity, achieving viral suppression was associated with age (P = .01), gender (P = .03), HIV without progression to AIDS (P = .004), an initially undetectable viral load (P < .001), 2015 ADAP-funded QHP coverage (P = .04), financial status (P = .004), and region (P < .001).
Clients aged 18-24 years (aOR, 0.52; 95% CI, 0.31-0.87) and 25-34 years (aOR, 0.53; 95% CI, 0.36-0.78) were less Table 1 presents rates of viral failure for each characteristic or factor category, and it also presents the results of binary logistic regression, as well as unadjusted and adjusted odds ratios for the associations with viral failure. In multivariable binary logistic regression, controlling for time, age, race/ethnicity, gender, HIV without progression to AIDS, and financial status, viral failure was associated with an initially detectable viral load (P < .001) and region (P < .001). A client with an initially detectable viral load in 2014 was more likely to have viral failure in 2015 (aOR, 2.66; 95% CI, 1.98-3.56), and clients in the Eastern region were more likely to have viral failure compared with clients residing in other regions (aOR, 2.57; 95% CI, 1.73-3.81).
For Cohort C (n = 607), 65.2% of clients who started with a detectable viral load in 2014 did achieve viral suppression in 2015. Supplementary Table 2 presents rates of good viral outcome for each characteristic or factor category, and it also presents the results of binary logistic regression, as well as unadjusted and adjusted odds ratios for the associations with viral suppression. No progression to AIDS (P < .001) and region of residence (P < .001) were not associated with viral suppression in multivariate logistic regression, controlling for 2015 ADAP program, age, race/ethnicity, gender, financial status, and time. Having a diagnosis of HIV rather than AIDS was associated with viral suppression (aOR, 1.99; 95% CI, 1.35-2.93). In terms of residence, clients in the Eastern VDH planning region had a lower likelihood of achieving viral suppression compared with the other 4 regions (aOR, 0.57; 95% CI, 0.34-0.97).
DISCUSSION
Compared with the national ADAP population in 2014, this study population is comparable to the national ADAP population, except for a greater proportion of clients aged 18-24 years old, who were African American, and who had incomes below 100% FPL [17] . For year 2, 63% of Cohort A enrolled in ADAPfunded QHPs compared with 47.1% of a similarly defined cohort for year 1 (Figure 2A ) [14] . In 2015, about 52% of national ADAP clients had ADAP-funded health insurance [18] . During the second ACA open enrollment period, the VDH increased their state-coordinated communication with HIV clinics to reach ADAP clients who were not enrolled in ADAP-funded QHPs during year 1. Based on our year 1 and year 2 analyses, these efforts were successful and resulted in an increase in ADAPfunded QHP enrollment from 1853 to 2916, or 57% [14] .
Similar to year 1, both demographic and health care delivery factors were associated with enrollment. All clients younger than 54 years and African Americans were more likely to enroll. These groups do not generally have higher engagement in care, and they were less likely to enroll in 2014 [14, [19] [20] [21] . We did not expect these groups to be more likely to enroll in 2015. It is possible that the state-coordinated communication with HIV clinics for the second open enrollment period resulted in more targeted outreach, but this unexpected finding will need to be investigated in future research. Being engaged in care in 2014 was associated with enrollment in QHPs. We hypothesized that this effect occurred because contact with the health care system is needed to know about the option and to enroll.
The strongest association with 2015 ADAP-funded QHP enrollment was enrollment in an ADAP-funded QHP in 2014, making clients more than 100 times as likely to enroll in 2015. One explanation for this it that from 2014 to 2015, there were not significant changes in carrier coverage, and many ADAP clients were auto-enrolled in ADAP-funded QHPs. Additionally, it is possible that those who were on Direct ADAP in 2014 and stayed on Direct ADAP were undocumented immigrants who were ineligible for ACA Marketplace insurance plans or that this group who remained on Direct ADAP had other social determinants of health (such as mental health issues, substance use, unstable housing, lack of transportation, lack of computer/ Internet access, or food insecurity) or language barriers that negatively impacted their ability to complete the enrollment process.
During the first year of enrollment, VDH prioritized those with incomes >139% FPL because they were the most cost-effective to enroll; this resulted in increased enrollment for these clients [13] . For year 2, there was no such state-led prioritization, and the data demonstrate that those with incomes <139% FPL were more likely to enroll. Surprisingly, co-located Certified Application Counselors at HIV clinics were not associated with increased rates of enrollment. Region was a factor in terms of which clients enrolled. It is likely that regional differences in resources for PLWH affected enrollment rates. Future studies should examine geographical differences in care-related resources in greater detail.
For Cohort B, clients who engaged in care in 2014 and 2015, a viral suppression rate of 82.2% was achieved. This is higher than the national estimated average of 49% viral suppression for all PLWH in the United States and is similar to viral suppression rates of 73%-75% for Ryan White HIV/AIDS Program clinics [20, [22] [23] [24] . This cohort's viral suppression rate is slightly lower than the HRSA's HIV/AIDS Bureau's national and Virginia data for 2015, which demonstrates that 83.4% and 86.4% of PLWH who had at least 1 Ryan White HIV/AIDS Program-funded outpatient ambulatory health services visit in 2016 and at least 1 HIV viral load in 2016 achieved viral suppression [25] .
In examining the effect of ADAP-funded QHPs on viral suppression for Cohort B for year 2, the odds of achieving viral suppression were 27% higher for clients who had 2015 ADAPfunded QHP coverage compared with those with 2015 Direct ADAP. Cohort B was defined in a similar way from year to year, and compared with year 1, the absolute difference in viral suppression between ADAP-funded QHPs and Direct ADAP decreased from 6.0% to 3.4% ( Figure 2B ).
Similar to national data, younger age and transgender clients were less likely to achieve viral suppression [25] . Unfortunately, for clients who did not have optimal control of their HIV at the beginning of 2014 but who engaged in care in 2014 and 2015 (Cohort C), ADAP-funded QHP coverage was not associated with achieving viral suppression. This is different than what was demonstrated for year 1 [14] . Obtaining insurance was not sufficient for these clients to achieve viral suppression. We do not have data on this cohort's access to and use of Ryan White services before and after QHP enrollment; this is an area for future investigation.
For Cohorts B, B2, and C, the Eastern region was associated with a lower likelihood of viral suppression. The Eastern region has a disproportionate share of Virginia's HIV/AIDS epidemic. The Virginia Beach-Norfolk-Newport News Metropolitan Statistical Area is home to 21% of the Virginia population and 31% of Virginians living with HIV. In this region, up to 33% of PLWH are considered out of care [26] . The interaction of geography and the distribution of resources, including federal Ryan White funding, Ryan White clinics, and/or HIV medical providers, are topics that need exploration in future work, in addition to contributions of other social determinants of health or potential data reporting issues. Additionally, until 2016, there were issues with electronic viral load reporting from the largest lab in the Eastern region. We are hopeful that with more complete reporting, the viral suppression rate may increase, and we plan to assess this in future analyses.
As with any study, there are limitations. There could be unmeasured differences in social determinants of health, such as education, housing stability, or food security, between those who enrolled in ADAP-funded QHPs and those who continued to receive medications from Direct ADAP. Unfortunately, it is difficult to obtain statewide client-level data that include those variables. Moreover, it is possible that using the final viral load value to define viral suppression could incorrectly estimate viral suppression in our cohort [27] . Additionally, in 2015, electronic lab reporting had not yet been implemented for all labs in the state, which may have affected the availability of viral load data, especially in the Eastern region.
Future studies should include additional Medicaid nonexpansion states and Medicaid expansion states, so that post-ACA HIV outcomes can be understood on a larger scale. Additionally, incorporating more data about Ryan White HIV/AIDS Program services received at the client level would allow for a better understanding of the impact of the interaction between health care insurance and Ryan White HIV care. The comprehensive and wraparound services provided by Ryan White clinics, such as substance use counseling, mental health services, case management, nutrition support, and transportation, may not be covered by insurance. For year 2 of the ACA, ADAP-funded QHP coverage in Virginia was again associated with higher rates of viral suppression, an essential outcome for individuals and for public health [5] [6] [7] [8] . With the end of the ACA's individual mandate and the ongoing possibility of changes to the ACA and Medicaid, there are important lessons from this work related to defining the best HIV health care delivery models [28] [29] [30] [31] .
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